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INTRODUCTION 
Weed control has become an important part of the manage­
ment of agronomic crops. While cultural methods are still of 
primary interest, the use of herbicides has become prevalent. 
Some situations require the use of chemical weed control, but 
in others it is a matter of economics or convenience. 
The control of chitin-reed, a winter annual, in hay fields 
of the northeastern states and England, is a situation which 
requires the use of herbicides. The use of isopropyl N-(3-
chlorophenyl)carbamate (CIPC) during the winter growing period 
of this weed has proved to be an effective means of control­
ling it. 
The early growth of weedy grasses in soybeans and cotton 
is frequently difficult to control by cultural methods. The 
herbicide CIPC has had some application here also, although 
its volatility under hot, humid conditions has restricted its 
use. 
As with most herbicides, extensive testing for practical 
applications has far outstripped investigations of its physi­
ological effects upon plants. The first studies of the physi­
ological action of this compound were of its effect on mitotic 
division. These were followed by scattered efforts to discov­
er other effects of the herbicide. The present study is in­
tended to clarify the physiological effects of this herbicide. 
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REVIEW OF LITERATURE 
Since the introduction of isopropyl IT-(3-chlorophenyl)-
carbamate (CIPC) in 19^ 9, considerable research has been done 
on the compound both from a practical view and an attempt to 
elucidate the mode of action. Historically, the potentiali­
ties of carbamates, or urethanes, were first noted by Frieser­
in 192.9 (Ipa). He reported that phenylcarbamate at a concen­
tration of 0.002 per cent delayed germination and reduced the 
growth rate of oats and wheat, eventually hilling a portion of 
the seedlings. 
In 1939 -, Lefevre (20) showed that phenylurethane caused 
bulbous hypertrophies of the coleoptile, the mesocotyl and the 
root tip, with progressive slowing down or even final arrest 
of growth (manifestations greatly accentuated in seedlings 
treated before germination). There was blocking of mitoses in 
p s eudomet aphas e s leading more or less gradually to an irregu­
lar formation of monstrous restored nuclei which are deformed, 
plurilobed, or multiple. 
The much greater activity of isopropyl phenylcarbamate 
(IPC) was discovered in 19^ 5 by two English workers, Tempieman 
and Sexton (37)• Out of a series of compounds this chemical 
exhibited the highest degree of toxicity and selectivity, ill-
lard et al. (3) in 19^ 6 tested IPC or. a number of plants and 
found it to be effective on both grasses and some oroadleaved 
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plants. It caused complete inhibition of germination of buck­
wheat: seeds. They suggested the possible use of this com­
pound as an herbicide for the control of weedy grasses. In 
the United States the chemical was considered to have utility 
as an herbicide to control annual grasses in perennial grass 
and legume seed crops (32). 
Ennis in 19^ 7 (11) reported that IPC applied to roots of 
Allium and Avena in nutrient solution or soil caused mitotic 
aberrations in certain root and shoot cells. Anaphase bridges, 
blocked metaphases, nuclear fragments, binucleate cells, and 
the presence of giant vesiculate nuclei have been observed in 
certain regions of the primary roots. The seedlings, treated 
by exposing the roots only, show similar gross responses in 
the shoots, indicating that there is translocation of the sub­
stance (or stimulus) from the roots to the apical cells of the 
stem. 
Ivens and Blackman (18) have suggested that the inhibi­
tion of root growth may be the result of an effect on the 
spindle and also an effect on some metabolic activity connect­
ed with mitosis. They report that the selective toxicity of 
phenylcarbamates is not due entirely to differential effects 
on the spindle. 
Freed (13) states that the dehydrogenases of the four 
carbon acid cycle are nearly completely inhibited with 10-2* M 
concentration. The growth and respiratory inhibition by the 
IL 
carbamates can be almost completely overcome by inositol. 
This reversal seems to be characteristic of narcotic agents 
applied to plants. 
Mitchell et al. (26) report that IPC at 0.002 M depressed 
respiration of tomato stem slices to 65 per cent of the con­
trol at both pH 5 and 6. 
Tomizawa and Koike (38a) studied the effect of IPC on 
several enzymes and carbohydrate metabolism of rice seed, rice 
s:eedlings, and sweet potato. They found that IPC decreased 
phosphatase activity and lowered the amount of phosphate. In 
rice seedlings phosphatase activity was increased, with a cor­
responding increase in the amount of phosphate present. The 
phosphatase activity of sweet potato was not affected. Amy­
lase activity in rice seedlings was greatly increased, as was 
invertase. The increase in reducing sugars, however, was not 
proportional to the increased activity of amylase and inver­
tase. Sucrose did show a decrease proportionally with the 
increased invertase activity. Reducing sugars in rice seed 
showed an initial increase and then dropped rapidly. In sweet 
potato the treated plants had about the same amount of reduc­
ing sugars as the untreated control. 
Tomizawa and Koike also determined that catalase and per­
oxidase. activity was decreased in both rice seedlings and 
sweet potato. 
It was observed very early (3, 11) that this compound 
was effective only when applied to the soil. Baldwin et al. 
(6) using C^ -labeled IPC found that it was absorbed to a 
small extent through intact oat leaves, out little or none was 
translocated. When cut oat leaves were used, however, consid­
erable IPC was absorbed. Furthermore, some moved into the un­
treated portion of the leaf and a small quantity moved into 
the leaves and stem above the treated leaf. Hone moved down 
into the stem or roots. When applied to cut corn leaves a 
large portion of the IPC moved into the leaves and stems above 
the treated leaf and a smaller portion moved downward into the 
roots. When 0.5 per cent ïween-20 was added to the IPC, its 
absorption or translocation was not increased. IPC applied to 
cut corn roots moved up into the stem and leaves in large 
quantities. Mien applied to foliage there was little or no 
effect. Consequently, numerous experiments were conducted to 
determine the effect of several soil factors on the s.ction and 
residual effects of IPC. 
Newman et al. (27) found that IPC disappeared in 9 weeks 
in autoclaved soil but disappeared in 2 weeks in non-auto-
claved soil, indicating that the compound was attacked by mi-. 
croorganisms. The addition of lime to the soil was found to 
reduce the residual effect of IPC. Whether this was a direct 
effect or indirect, due to increased microorganism activity, 
is not known (14-). 
Kratochvil (19) found that IPC at 4 and 8 pounds per acre 
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had little effect on respiration of microorganisms but 16." and 
32: pounds per acre decreased their respiration. 
Logan et al. (22), using C^ -labeled IPC, found that the 
depth to which IPC was leached was dependent on the amount of 
leachate, suggesting that IPC is not readily adsorbed onto 
soil particles. 
In searching for more active carbamates it was found that 
the m-chloro derivitive of IPC, isopropyl M—(3-chlorophenyl)-
carbamate (CIPC), was more selective and more a,ctive (8, 10, 
40, 4-1). Anderson et al. (4) also determined that CIPC was: 
less volatile than IPC, although still considerably more so 
than 2,4-D ethyl ester. DeRose (8) reported that CIPC was 
more persistent in soils than IPC. It was noted that CIPC 
also was effective only when applied to the soil (4-0) and that 
foliage applications had no effect on the growth of snap beans 
or oats (ZL). 
Ennis (10) determined that CIPC causes the same morpho­
logical and cytological disorders as does IPC. Well differen­
tiated cells and specialized tissues showed no apparent re­
sponse. Swanson et al. (36) found that CIPC had no effect up­
on germination of cotton seeds but restricted root elongation 
to approximately one-half the length of the check. The effect 
of the vapors of CIPC was equal to that obtained when seeds: 
were grown in contact with it. Respiration of treated root 
tips.was depressed considerably. The respiratory quotient of 
treated root tips: was: 1.-62, indicating that aerobic fermenta­
tion was: induced. 
Hies (3P) has postulated that a substance or substances 
present in some plants reduces the activity of CIPC. Thus, 
squash, a resistent plant, is assumed to contain this sub­
stance while cucumber, a very susceptible plant, does not. 
Evidence is presented to show that these substances are ex­
creted from the plant to the growth medium- Thus, when squash 
is: grown on filter: paper in petri dishes, then removed and cu­
cumbers placed in the dish with a CIPC treatment, the root 
growth is inhibited less than if the cucumbers were grown in 
contact with CIPC in the dish without pre-germination of 
squash. 
Scott and Struckmeyer (31) studied the morphology and 
anatomy of squash and cucumber seedlings and found anatomical 
differences between the two genera. The broad casperian bands 
of the squash endodermis appeared nearer the root apex and the 
rootcap in squash extended further up the sides of the root 
than in cucumber.. The authors postulate that these differ­
ences; tend to slow or prevent the penetration of CIPC into 
deeper ront';tissues:, and thus contribute to the tolerance of 
squash to CIPC. 
Sever ai worker s ; have det ermined. the effect of soil f ac:- • 
tors on the effectiveness of CIPC. Stevens and Carlson (35) 
found that CIPC applied at low rates was retained longer in 
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alkaline soils, while higher rates were retained longer in ac­
id soils; On lighter soils they found that lower rates could 
be used effectively. 
Blouch and Fults (7) found greater selectivity when the 
herbicide, was used on soils of high organic matter and high 
fertility.- This led them to believe that CIPC is adsorbed by 
organic colloids and so held in the upper soil layers where it 
is : more effective against germinating weed seedlings and less-
active on the deeper roots of the crops. 
Pray and Witman (29a) found that CIPC had largely disap­
peared from field plots at the end of 3 weeks.- Residual. CIPC" 
at this time was concentrated in the top one inch of soil. 
Sale et al.. (16) found that CIPC cut Op uptake of nitrifying 
bacteria. 
CIPC has been tried in a variety of practical applica­
tions. It has shown considerable promise in pre-emergence 
weed control in cotton and soybeans (12). It has performed 
very well except under conditions of high temperature... One of 
the most promising uses of the chemical is in the control of 
chickweed in seedling alfalfa in the Eastern part of the coun­
try (5). Ormrod (28) reported that CIPC did an excellent job 
of controlling chickweed in Great Britain. 
Màrth and Prince (23) have found that CIPC is of some 
value in thinning peaches. Marth and- Schultz: (24) have re­
ported that CIPC is a;, very potent sprout inhibitor when ap­
plied to stored potato tubers*. 
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MATERIALS AKD METHODS' 
The• objectives of this study were; to characterize the ef 
feet of isopropyl N-(3-chlorophenyl)carbamate (CIPC) on 
plants:. Three phases of plant responses were investigated: 
(a) growth, measured as root elongation, (b) respiration of 
various plant parts after treatment with CIPC, and (c) phos­
phatase activity of several species. The chemical was a sam­
ple of 98 per cent purity supplied by Hooker Chemical Company 
The species: used, were: corn (Zea mays L. ) , oats (Avena sativa 
L. ), wheat (Triticum aestivum L. ):, barley (Hordeum vulgare E.) 
ryegrass; (Lolium spp. ) , soybeans (Glycine max: (L. ) Merr.), 
cucumber (Cucumis sativus E.), alfalfa (Medicago sativa L.J, 
and ladino clover (Trifolium re-pens L. var. ladinoj. 
Growth^  
In the early studies;of. this section CIPC was used in^ _ 
acetone solution. Later studies utilized water solutions of 
the herbicide. C-rowth was " measured as root elongation, since 
previous work showed that the root is particularly sensitive: 
to CIPC.. 
CIPC in acetone 
Since the solubility of CIPC in water is very slight, 
while it is readily soluble in acetone, a solution of CIPC in 
acetone was prepared for the highest rate under study. To 
prepare: an 8 pound per acre; treatment, 0.528 g of CIPC' was; 
made u.p to a volume of 100 ml. Application of 2.-5 ml of this, 
solution to a 12.-5 cm petri dish was considered, as 8 pounds: 
per acre. Serial dilutions: were then made to obtain the lower 
rates:. 
Seeds: of the species: under study were placed on two no. 2 
Whatman, filter papers in 12.5 cm. petri dishes:. Another filter 
paper was; placed in the top of the petri dish and 2.5 ml of 
acetone.solution of the chemical was pipetted onto it. After 
evaporation of the acetone, the filter paper was placed over 
the seeds:; and 12.5 ial of water was applied. The petri dishes: 
were; then placed in a constant temperature incubator for germ­
ination. Following germination and subsequent growth the 
seeds: were removed, root elongation measured, and percentage 
germination recorded. The period of germination was usually 3 
to 4- days. 
Species• used, in this study included cucumber, corn, oats., 
ryegrass., and alfalfa. 
The rates of application were originally calculated as: 
pounds; per acre because it was intended to compare these rates 
with field, application.. It was: decided, however, that this-: 
approach was not feasible, so all rates have been recalculated 
as: mg per ml. This allows: comparison with the water solutions 
used later. Both expressions: of rate are listed in the 
tables:. 
11 
CIPC In water 
Water solutions of CIPC were used to control the concen­
tration of the herbicide more accurately. When the chemical 
is:: applied in acetone the concentration in solution is not 
known precisely. Consequently solutions of up to 60 ppm were 
made and diluted serially to obtain lower concentrations. In 
this method the seeds were placed on two no. 2 Whatman filter 
papers and another paper was placed on top of the seeds. Then 
12.5- ml of the appropriate solution was pipetted on the filter 
paper. The seeds, were allowed to germinate, the root elonga­
tion measured, and germination counted. 
For the temperature study, -germination of corn was car­
ried out at 20° C and 30° C. 
- The data are listed as growth in mm and also as percent­
age inhibition. When necessary, disinfection of the seeds; was 
performed by dipping them into 3 per cent chlorox:solution for 
one minute. 
\ Respiration 
leaves': s, : 
One of the peculiarities of CIPC is: its lack of effect 
when applied to above-ground plant parts. "When applied to fo­
liage the herbicide is ineffective until very high rates are 
used. Injury symptoms then appear, but they resemble solvent 
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"burn more than the typical reaction to CIPC'. The exact nature 
ofl'this.: response is unknown; that is, whether CIPC' does not 
enter the leaves or whether it enters but does not affect ' 
them. To investigate direct leaf response an experiment was: 
set up in which alfalfa leaves were subjected to vacuum infil­
tration of the herbicide. Leaves of alfalfa were placed in a 
CIPC solution in a. manner such that the chemical did not enter 
the petiole. The leaves were, then evacuated to infiltrate 
them with the solution. The infiltrated leaves were placed, in 
Warburg flasks, and their respiration rates; measured by the 
method of Umbreit et al. (39) • The work was" done in dim red 
light to reduce photosynthesis to a negligible value. 
Embryos : 
Corn was soaked for 2b hours to permit separation of the 
embryo. The corn seed was soft and after loosening the seed-
coat the embryo could easily be lifted out. An equal number 
of embryos was put into each Warburg flask along with 1.0 ml 
water;: 0.-5 ml of a 60 ppm CIPC solution was added and oxygen 
consumption and carbon dioxide evolution measured by the di­
rect; method (39). The flasks used for 0_ measurement, contain­
ed 0.-2: ml of 20 per cent KOH in the center well. The results; 
are expressed as ; microliters; of 0^  per. 10.0 mg fresh weight of 
embryos^ . 
Ro.o-t tins; 
Corn was germinated in petri dishes with 10 ml of 10 ppm 
CIPC as a:.treatment. After 4-: days the roots were excised 10 
mm "back from the tip and fresh weights for each flask record­
ed. 1.0 measure the effect of the herbicide on exogenous res­
piration by the tissue, 0.5 ml of glucose solution was added, 
from a sidearm after 6.0 minutes of respiration. Oxygen con­
sumption was measured as described previously. Results: are 
reported as microliters of absorbed, per.100 mg tissue on a 
fresh weight basis:. 
Seeds 
In order to determine the. time required for measurable 
effects'; of CIPC on germinating seeds, an experiment was per­
formed in which wheat was: germinated in contact with the 
herbicide for varying periods of time. All seeds were allowed 
to start.germination at the same time. They were.: then trans­
ferred at predetermined times : to petri dishes:containing CIPC 
solutions.- After a total germination time of 24- hours: had e— 
lapsed the seeds were weighed and placed in Warburg flasks: 
with 1.0 ml of water. Oxygen consumption was measured and re­
ported: as microliters 0^  per 100 mg fresh weight of tissue. 
In previous experiments it had been noticed that CIPC 
caused at times a slight stimulation of respiration. A series 
of experiments:: was run using varying concentrations of CIPC. 
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Wheat was : germinated in contact with water solutions of CIPC. 
Germination was allowed to proceed for 2b hours, at which time 
the seedcoat had been split and the root was visible. The 
lots were then weighed and transferred to Warburg flasks con­
taining 1-5 ml water and 0.2 ml 20 per cent HOE in the center 
well. Results are expressed as microliters of Op consumed per 
100 mg fresh weight of tissue. 
Phosphatase: 
The herbicide used in these studies. has been shown to in­
crease the amount of reducing sugars in plants. Tomizawa. and 
Koike (38a) found that IPC increased the phosphatase activity 
of treated plants. Thus, it was thought desirable in.the 
light of the increased reducing sugar content of plants: treat­
ed with CIPC to determine the effect of this,chemical on phos­
phatase levels in various species and plant parts. 
Seeds of various species were germinated in petri dishes 
in contact with water solutions of CIPC. Germination was al­
lowed to progress:until the roots were approximately 2: to 4- cm 
long. They were then excised 1. cm from the root tip and 
ground in 20 ml of ice water in a micro Waring blender until 
macerated. This material was filtered to remove cellular de­
bris and the filtrate was used in the determination of phos­
phatase activity. Raskins (17) reported that 91 per cent of 
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the phosphatase activity of corn shoots was in the supernatant 
fraction. 
For the determination of phosphatase activity of embryos, 
corn was soaked overnight and the embryos were excised. ; An 
extract-was then prepared as for corn roots and 1.0 ml was. 
added to 4.8 ml buffer and 1.0 ml of substrate. One ml of 
CIPC or water was then added and the mixture was incubated for 
30minutes. 
The method of Sommer (34-) , as outlined in a bulletin from 
Sigma Chemical Co. (9) with modifications by Haskins (17), was 
used. It involves the removal by the enzyme of phosphate from 
p-nitrophenyl phosphate. 
One ml of 0.0:08 M dis odium p-nitrophenyl phosphate was: 
added to 5»8 ml of buffer of the following composition: 
I8.907 g citric acid (1 H^ O) 
180 ml 1.0 H ITaOH 
100 ml 0.1 g EC1, 
the solution diluted to 1 E and adjusted to pE 4.8. 
The mixture was brought to 3P°C and 0.2 ml of enzyme prepara­
tion added. Exactly 30 minutes later a 1.0 ml aliquot was 
pipetted into 3. ml of 0.2:1 MaOH in matched colorimeter tubes. 
The color was developed for 30 minutes and the optical densi­
ty determined in a Coleman Jr. colorimeter. Concentration was 
determined from a standard curve shown in Figure 1. Results 
are expressed in millimoles of p-nitrophenol. 
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m M P -  NITROPHENOL LIBERATED 
Figure 1. Standard curve used for converting optical, density 
to millimoles p-nitr opkenol. 
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EXPERIMENTAL RESULTS 
Effect of CIPC on Germination 
and Root Elongation 
Two methods of applying isopropyl E-(3-chlorophenyl)car­
bamate (CIPC) were used. In the first, CIPC was dissolved in 
acetone and applied to filter paper. Water was then added to 
produce a CIPC solution. The rates of CIPC were originally 
calculated in pounds per acre but have been changed to mg per 
ml water. It was noticed that the reduction of root elonga­
tion due to CIPC reached a maximum and leveled off to a nearly 
constant value for the higher doses. This was probably caused 
by the low solubility of CIPC. This solubility, as given by 
•Freed (13), is about 80 ppm, which corresponds approximately to 
0.086 mg per ml. Rates above this would not be expected to 
produce additional injury. However, in some" instances rates 
as high as 0.69 mg per ml caused additional injury. This 
could be due to increased solubility in a finely divided 
state, or it possibly is an action of small solid particles 
in contact with the root. 
In the second method, water solutions of CIPC were added 
directly to the filter paper. 
The effect on gross morphology has been well documented 
in the literature (10, 31)• All plants used in the present 
studies showed the shortened, bulbous root tips peculiar to 
this herbicide. 
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Table 1. The effect of CIPC: on germination and root elonga­
tion of plants- grown in petri dishes. Chemical ap­
plied as: acetone solution. 
Pounds; 
CIPC 
/acre: 
Mg/ml Replication s.a 
12 3 
Avg. % Inhi­
bition 
% Germ. 
A. Alfalfa seeds: germinated at 20° 'C for 3 : days. "D 
0 0 13.8 14-. 1 12:.. 7 13.8 0 93 
1 0.172 7.7 7.1 7.1 7.3: 46.9 93 
2. : 0.3^-5 7.0 6.4 7.2 6.9 50.0 92 
4 0.690 6.1 6.1 6.9 6.4. 53.7 91 
8 1.380 5A 5.5 4-. 8 5.2 62.1 90 
16 2.760 4.8 4.9 4.8 4-. 8 64.9 81 
B. Alfalfa 
28°C for 
seeds germinated 
58 hours. 
at 20° C for 13: hours, then 
0 0 14-..0 17-7 19.3: 16.8 0 98 
1/8 0.0216 9 .2  10.8 7 .9  9 .3  44.6 73 
1/4-. 0.0^31 8 .3 :  7 .9  8 .6  8 .3  50.7 71 
1/2 0.0862 8 .% 8 .8  8 .6  8 .6  49.3: 60 
1 6:8. 7 .9  6 .5  7.1 58.0 65 
aAverage.. of 50 seeds;—figures, are length of primary root 
in mm. 
"k-âll treatments significantly below check. 
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Table: 1. (Continued.) 
Pounds Mg/ml Replications Avg.. % Inhi- % 
CIPC' bit ion Germ, 
/acre; 1 2 3 4-
C. Alfalfa seeds germinated at 20°C.D 
0 0 11.9 11.9 11. % -— 11..5 o 95" 
./8 0.0216 6i.4 7.7 7.1 7.1 3.8.5' 95 
-/4 0.04-31 7.8: 8 .0  7»9 7.9 31.5 96: 
./2 0..0862 6:& 6:. 4. 6vl - 6.4 44-.% 94-
1 C.1725 6-. 1 5.-7 6.4-. 6 .0  47 .6"  95 
Cucumber. s:eeds: germinated at 22°C.^  
0 o: 2 .^-3 Z5.8 24.8 27.8 25.O 0 96: 
./% 0:. 04-31 6:4- 7-3- 7.0 6163 618: 73.0 91 
./2 , 0.0862: 5.5: 5*5 5.6 5J4: 5-5' 78.0 92 
1 0.1725 4.9 4.-9 4.8 4.7 4.8 80.8 96 
E. Oats germinat ed at 22°C..b 
0: G 33^5 3i6.8 4-5.4. 2619 3612 0 
0.0108 complete repression of *L0° 
1/8 o 0216 z"oot grovrth. by all treatments q^q 
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Table 2. The effect of CIPC In water solution on germination 
and root elongation of alfalfa, corn, and ryegrass 
germinated at 27°C. 
CIEC 
ppm 
Mg/ml 
1 
Replications3-
2 3 % 
Avg. fo Inhi­
bition 
/< 
Germ. 
. A, . Alfalfa. 
0 0 3:0.6 29.6 31.1 31.8 30.8 0 96 
0.01 0.00001 32.0 26.9 3%.l 32.5 3X.4 95 
0.10 0.0001 30.7 31.8 30.7 3.6.6 32.% — — 96 
1.0 0.001 3.0.2 29^ 9 30.0 24„5 28.7 6.8 94-
5.-0 0.005 20.% 17.5 19.8 19.% 19.3: 37.2% 97 
10.0 0.01 15.1 1%3 15.2 15.0 14-. 9 51.69 96 
B. . Corn 
0. 0 30.6 33.8 3.9.% 35.8 3%. 9 0 99 . 
0.01 0.00001 35.7 4%.l 41-8 32.9 38.6- — — — — 98 
0.10 0.0001 335.6 39.3': 3%. 1 37.5 36.6 — 95 
1.0 0.001 28.6 3:7.2 31.7 35.6 33.3 4.7 100 
10.0 0.01 15.8 15.2 17.7 15.9 16.2 53,7b 99 
4-Q.. 0 0.0% 11-9. 12,1 11.6 13.3 12.2 65.0 b 99 
aFigures are length of primary root in mm.. 
T^reatments?, significantly, below check. 
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Table 2. (Continued) 
CIPC Mg/ml Replications3- Avg.  ^Inhi- % 
-DDE. bition . Germ. 
1 2. 3 4 
C- Ryegrass; 
0 0 12.6 13.7 11.2 12.6 12.5 0 71 
0.01 0.00001 14.3; 13>7 14.2 11.9 13.5 75 
0.10 0.0001 11.4 12.0 9.6 11.6, 11.-2 1.0 73 
1.0 0.001 5.-5 6.2 4.5 7.3 6.0 52-0b 32 
10.0 0.01 complete repression of 100b 0 
to.o 0.0k root grosrfch 100% 0 
•As; shown In Tables 1 and 2, species specificity was mark­
ed, even among the grasses. Inhibition of root elongation of 
corn at 0.001 mg per ml was 4.7 per cent, while for ryegrass 
the figure was 52 per cent. There was also variation among 
the broadleaved species. At 0.086 mg per ml the inhibition 
for:; alfalfa was 65 per cent. For cucumber the inhibition at 
this rate was 80 per cent, indicating that cucumbers are more 
sensitive to CIPC than alfalfa or ladino; clover. 
The results of an experiment to determine temperature ef­
fects on the action of CIPC are given in Table 3. The two 
species tested reacted very differently. Raising the tempera­
ture of germination from 20°C to 3P°0 caused an increased in-
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Table 3> The effect of CIPC' on germination and root elonga­
tion of alfalfa.and ladino clover at temperatures of 
20°C and 30°C. 
Pounds; 
CIPC 
/acre 
Mg/ml 
1 
Replications3-
2 3 LL. 
Avg. % Inhi­
bition Germ. 
A. Ladino clover germinated at 0
 
0
 b 
0 0 12.3 12.0 12.7 11.4 12.1 0 69 
1/2 0.0862 4.1 3.6 3.8: 3.9 3.9 68.1 64 
1 0.1725- 3-4 3:*0 3.0 3.1 3.1 74.2 54 
2 0.345 2.7 3.0 2.6 3.1 2.9 76.4 57 
4 0.69 3.0 2.9 2.8; 3.0 2.9 75.9 51 
B. Ladino clover germinated at 30°C. b 
0 0 15-3 14.7 14.6 15.O 15-0 0 26 
1/2 0.0862 6. 5 5.8 5.6 5.8 5.9 60.5 38 
1 0.1725 4.4 4.6 4.5 4.8 4.6 69.4 50 
2 0.345 3-3 3.3 3.4 3« 4. 3.4 77.7 34 
4- 0.69 3.1 2.9 2.9 3-7 3:.l 79.1 33 
A^verage of 50 seeds-—figures are length of primary root 
in mm. 
bAll treatments significantly below check. 
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Table 3> (.Continued) 
Pounds 
CIPC 
/acre.. 
Mg/ml 
1 
Replications^  
2 3, 4-
Avg. % Inhi­
bition 
% 
Germ. 
C. Alfalfa, germinated at 20°C. b 
0 0 28.3 29.5 31.9 32.4 30-5 0 94: 
1/2 0.0862 11.8 12.5 11-7 12.7 12.2 60.1 98 
1 0.1725 9.6: 10.2 10-9 10.8 10.4 6611 98 
2 0.345 10.0 10.0 10.1. 9,3 9.8 67,8 95 
% 0.69 10.4: 8.4 8.0 8.5' 8.8- 71.1 96 
D. Alfalfa, germinated at 30°C. b 
0 0 33165 
IS F
T 
32.0 32.1 32.3 0 94 
1/2 0.0862 8.4 I 9-6 9.8 8.8: 9.2 70-6 4o 
1 O.I725' 6.6 7-3 6.9 5,3 6.5 79-8 35 
2 0.345 7.6 7.0 6.1 5.9 6.6: 79,5 54 
4 0.69 6.-5 6.1 6; 0 5,3 6.0 81.5 53 
hibition -with alfalfa.. The temperature coefficients: were sim­
ilar for all three rates. With ladino clover a temperature 
increase of 10°C did not increase the inhibition and in some, 
cases; actually decreased it. 
2¥ 
Effect; of CIPC on Respiration 
A good indicator of the action of an herbicide on. plants 
is: the respiration of various plant parts; as. affected by the 
herbicide-
Since; CIPC is not effective as a foliage spray, it is of 
interest to know: whether this failure is because: of non-entry, 
or because: the compound does: not affect the leaf tissues. An 
experiment was:, performed with alfalfa leaves infiltrated with. 
CIPC solution. As . shown in Figure: 2.,. CIPC decreased, the res­
piration of these leaves over a; period of time.. The same 
trend was apparent in a duplicate: experiment. These; leaves: 
were treated with a saturated solution of CIPC and.a consid­
erable quantity of the chemical entered the leaves:.- The fact; 
that such a high concentration caused such a small decline in 
respiration indicates: that the action of the herbicide is not 
deeply involved in the respiratory processes: occurring in the: 
leaf. The respiratory quotient was:unchanged by treatment. 
The effects: of CIPC on respiration of excised corn em­
bryos are: presented in Table 4. The CIPC was. tipped into the 
flasks; at the end of 3.0 minutesv At this: time; the embryos: 
which:were: to. receive the treatment were, respiring at a rate, 
of 17% microliters: of. 0_ consumed, per ICQ mg fresh weight per 
ho.ur_, 118, per cent of the; control. After the chemical was 
added, the treated embryos: dropped to 160 microliters; or 108 
per cent of the; control. The 12 ppm. of CIPC is a fairly low 
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Figure 2» The respiration of alfalfa leaves after treat­
ment •with CIPC: "by vacuum infiltration. 
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Table The effect of CIPC on respiration of excised corn 
embryos. Figures', are microliters O2 consumed per 
100 m.g fresh weight per hour. 
Untreated Treated. 
Before CIPC lb? 17% 
After CIPC 1MQ 160 
concentration, but is one which will bring about a sizable re­
duction of root elongation and causes the shortened, bulbous: 
roots associated with mitotic disturbances. The reduction of 
embryo respiration by this dilute solution contrasts with the: 
leaf respiration where a high concentration of the herbicide 
decreased respiration to about the same extent. It is doubt­
ful, however, if the effect on embryo respiration is drastic 
enough to cause the manifestations which follow. 
The effect of CIPC on utilization of exogenous substrate: 
was:determined by measuring the rate of respiration of treated 
corn root tips. before and after adding glucose and sucrose. 
As shown in Figure 3;, the differences were not significant and 
not large enough to indicate any effect. There appears, how­
ever, to be a slightly smaller increase, after adding glucose, 
of the treated than of the untreated root tins. 
Figure: % shows that there is no effect on the use of add­
ed sucrose. The trend here; is the same as with the glucose. 
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Figure 3> The effect on utilization of exogenous glucose by 
corn root tips germinated in contact with CIPC. 
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Figure 4. The effect on utilization of exogenous: sucrose "by 
corn root tips germinated in contact with CJLFG. 
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It appears., that the treated root tips:..did not respond to added 
sucrose as well as did the untreated roots. These results 
could indicate that the primary effect of the chemical is not 
on early reactions of carbohydrate metabolism. 
The lines plotted in Figure 5 indicate the effect on the 
respiration of wheat seeds germinated in contact with CIPC for 
varying periods of time. The seeds were in contact for 2, 3? 
or 4- hours. The 3-hour rates were the same as the 2-hour. It 
can be seen that the respiration of the seeds treated for 4-
hours was increased over the untreated seeds more than those 
treated for 2. hours. Figure 6 shows, the results obtained when 
the wheat seeds were left in contact with the chemical for 8, 
12i, or 24- hours. All three treatments showed a significant 
decrease in respiration below the untreated checks. The: 
8-hour treatment showed a smaller decrease in C>2 consumption 
than either the. 1Z- or 24—hour treatment. The two longer 
treatments were about equal in effect. It seems probable that 
the wheat seeds exposed to CIPC for a short period of time 
would absorb a.smaller amount of the chemical than those ex­
posed for a longer period of time. 
Thus it appears that a. small amount of the herbicide 
(Figure 5) causes an increase in respiration but that respi­
ration is decreased as the concentration within the seed is 
increased. This effect was studied in an experiment in which 
wheat seeds were allowed to germinate 24- hours in contact with 
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Figure 5* The effect on respiration of germinating wheat-
seeds exposed to CIPC, solutions for 2. or 4- hours. 
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Figure 6. _ The effect on respiration of germinating wheat 
seeds: exposed to CIPC solutions for 8, 12., or 
2k hours-. 
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various concentrations of CIPC. The respiration of the germi­
nating seeds was then measured. The results shown in Figure 7 
indicate that respiration decreased with CIPC concentrations 
to approximately 15 ppm, then increased, with a respiration 
peak near 20 ppm. 
Rasmussen (29b) has shown that 2,4—D applied to dandelion 
at a low rate caused an initial decrease in respiration of the 
roots followed by a large increase at a medium rate and then, 
at a high rate respiration was substantially decreased below 
the check. This effect on respiration was thought to be 
caused by accelerated breakdown of reserve carbohydrates re­
sulting in an increase in respirable substrate. Hence, the 
increase in respiration caused by the medium rate is construed 
as a symptom of specific toxic effects rather than the direct 
cause of injury. It is possible that such a mechanism is re­
sponsible for the increase in respiration caused by CIPC. 
Effect of CIPC on Phosphatase Levels' 
of Treated Roots 
Tomizawa and Koike (38a) found that IPC increased the 
phosphatase activity and reducing sugar level of rice seed­
lings.. It has been reported also (25) that CIPC increased the 
reducing sugar content of corn plants. A series of experi­
ments was performed to determine the effect of CIPC on the 
RATE OF RESPIRA­
TION AS % 
OF CONTROL 
100 
90 
80 
70 
15 20 
PPM CIPC 
25 30 40 
Figure 7• The effect on respiration of germinating wheat 
seeds exposed to CIPC of various concentrations. 
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5able 5» The effect of CIPC upon phosphatase activity of 
roots, of several species of plants grown in petri 
dishes in contact with 10 ppm chemical in water so­
lution. Results expressed as millimoles p-nitro-
phenol liberated. 
Untreated Treated 
Replications Avg. Replications Avg. % of 
Control 
1. Z 1 2 
Barley 0.4-3 0.37 0.40 1.05 0.99 1.02 255a 
Wheat -0.16 0.10 O.13 0.4-5 0.4-3: 0.44- 33 9a 
Corn 0.20 0.-20 0.20 0.52 0.4:5 0.46 24-ua 
Alfalfa 0.32 O.35 0.34, 0.4-0 0.44 0.4-0 118 a 
Soybeans 0.37 0.4c 0.38 0.-35 0.37 0.36 95 
aLevels: significantly above check. 
phosphatase activity of several species. Three grass species 
of economic importance were used and two species of broad-
leaved plants. These two groups were used because of green­
house and field screening work which indicated a marked speci­
ficity of CIPC as; a. grass; herbicide. However, this work had 
Indicated that broadleaved species also might be affected. 
The data in Table 5 show that CIPC may increase, phopha-
tase activity. The marked increases due to treatment of bar­
ley, wheat,., and corn were significant. The effect on alfalfa, 
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Table 6. The effect of CIPC oh phosphatase activity of vari­
ous parts of the germinating seedling. Seeds germi­
nated in petri dishes in contact with 10 ppm chemi­
cal in water solution. Results expressed as milli-
moles p-nitrophenol liberated. 
Replications Avg. % of 
Control 
1 2. 3 4-, 
Untreated 
corn roots 2.17 
corn shoots 1.67 
corn embryos 5-68 
Treated 
corn roots 3*37 
corn shoots 2.70 
corn embryos: 5-63 
B^evels significantly above check.. 
while of a lesser degree, was significant also. The treatment 
with CIPC did not.affect the phosphatase activity of soybean 
roots. Thus it appears that the effect is more severe on 
grass; species than broadleaved plants. 
In a comparison of. the roots, shoots, and embryos of corn 
the data of Table 6 indicate that the phosphatase activity of 
the roots and shoots was increased by treatment.. These dif-
2.17 
2.10 
5.10 
3.65 
2.-17 
6.4-0 
2.10 
1.75 
5.68 
3.12 
2.4-0 
6.40 
2.10 
1.55 
6.00 
3.25 
Z.65 
6.80 
2.14-
1.77 
5-73 
3.35 
2.46 
6.37 
I57a 
l4-0a 
111 
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ferences: were significant at the 5 per cent level. While the 
phosphatase activity of the embryos was increased by the 
treatment, the differences are. not significant. Due to the 
method of treatment the lack of effect might be caused by lack 
of active mitosis or by the short period of contact with the 
herbicide.. 
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DISCUSSION 
The carbamates as a group contain many compounds which 
exhibit herbicidal properties. One of the most active and se­
lective of this group is isopropyl N-(3-chlorophenyl)carbamate 
(CIPC). Shaw and Swan s on (33) tested more than 4-0 carbamates 
on various crops and weeds in the greenhouse and field. They 
found that several of these had potentialities as selective 
herbicides, but unfortunately they did not have the broad ap­
plicability of other herbicides and, hence, most were not com­
mercially feasible. 
The early indications of damage to plants caused by car­
bamates': (15a, 20) were that they caused mitotic disturbances. 
It was shown (10) that CIPC also caused these aberrations, 
which are similar to effects produced by colchicine. . This is 
probably the major reason for the shortened, bulbous root tips 
which result from treatment with CIPC. 
Reports in the literature indicate that CIPC as a pre-
emergence herbicide is primarily effective on grass species. 
The data of Table 1 indicate that this is due to factors other 
than absolute biological specificity, since the root elonga­
tion of alfalfa, ladino clover, and cucumber was seriously re­
duced by CIPC treatment. Shaw and Swans on (33) have shown 
that the selectivity of CIPC is probably due to depth of 
planting, when CIPC was mixed with the soil rather than being 
applied as a thin layer on top of the soil, most species, with 
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the exception of soybeans, were equally affected. Cucumber 
is particularly sensitive and has been used as an assay species 
for this herbicide. Ryegrass, and oats are the most sensitive 
grass species. Concentrations as low as 10.0 ppm, U-.7 x; lO-  ^
M or 0.01 mg per ml, cause complete cessation of root elonga­
tion of both species, whereas rates as high as 40 ppm caused 
only a 65 per cent reduction of root elongation in corn. 
As reported in Table 3, increasing the temperature from 
20°C to 30°C showed a Q^ Q of approximately 1.18 for root in­
jury of alfalfa, suggesting that the effect:was not primarily 
chemical. The results with ladino clover also give the im­
pression that the inhibition of root elongation is not chemi­
cal. It is a possibility, however, that differences in growth 
or other factors masked the effect of the herbicide. 
It is of interest to note that in some instances CIPC ap­
parently caused an increase in germination. Similar responses 
were noted by Al-Aish and Brown (1) working with isopropyl H-
phenylcarbamate (IPC). They reported that some seeds were 
dead after treatment with IPC and did not germinate. This was 
particularly noticeable in fescue. In a majority of tests 
CIPC did not appreciably lower the germination. In tests. 
using the more sensitive ryegrass, and oats the seeds produced 
tissue but it was. very short and distorted. Therefore, it 
would seem possible that the time required for the action of 
CIPC is: long enough to allow most seeds to germinate. 
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It has been observed that CIPC is not effective when ap­
plied as a post-emergence spray. The data.in Figure 2 indi­
cate that this is probably due to a lack of activity after 
entry into the leaves. CIPC, because of its hydrocarbon na­
ture and ready solubility in fats and oils, should penetrate 
leaf cuticle rather easily. 
Axelrod and Beevers (5) have stated that the pathway of 
carbohydrate metabolism in older plant parts, particularly fo­
liage, and younger parts differ in that in the older parts the 
pentose phosphate cycle is predominant while in younger plant 
parts the Embden-Meyerhof-Parnas pathway is predominant. It-
is possible, that this, difference is a reason for the differen­
tial effect of CIPC on foliage and roots. 
The effect of a dilute solution (12: ppm) of CIPC on res­
piration of excised embryos indicates that the chemical is 
more active in the embryo than in leaves. Since the embryos 
were presoaked prior, to excision it is reasonable to assume 
that enzymatic activity was high. At this stage of germina­
tion, however, it is doubtful if cell division has started 
(38b). This result suggests that the compound has an effect 
other than a direct action on mitosis as; would be presumed, 
from reports showing mitotic disturbances. 
The fact that treated corn root tips utilized exogenous 
glucose and sucrose as readily as; untreated roots indicates 
that CIPC is.not involved in carbohydrate metabolism at an 
hO 
early stage. It has been shown (25, 38a), however, that both 
IPC and CIPC Increase reducing sugar levels in treated plants. 
This increase could be caused by reactions being blocked lat­
er in the cycle. Tomizawa and Koike (38a) have also shown 
that IPC increases the phosphatase activity of treated plants. 
As shown in Table 4-, CIPC also increases the phosphatase ac­
tivity of certain plant root tips, in which, according to 
Axelrod and Beevers (5) , the Embden-Meyerhof- pathway is the 
prominent route of metabolism of sugars. It is possible that 
CIPC causes a shift to the pentose phosphate pathway where 
phosphatase - is involved in the dephosphorylation of fructose— 
1,6-diphosphate. It is also possible that CIPC acts to remove 
the end products of a reaction catalyzed by phosphatase, thus, 
increasing the phosphatase activity. 
Another possible explanation of the increased phosphatase 
activity is that, according to Pruton and Simmons (15b), acid 
phosphatases can hydrolyze the 3-phosphate bond of mononucle­
otides derived from PNA or DMA by action of deoxyribonucleases 
or ribonucleases> It is suggested that perhaps CIPC has an 
effect on the nucleases so that there is a buildup of mono­
nucleotides resulting in increased phosphatase activity and 
possibly increased reducing sugars. 
It appears from the data in Figures 5 and 6 that there is 
either a considerable time lag before the effects of the herb­
icide are measurable, or that the effect of low concentrations 
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absorbed during short periods of time causes an increase in 
respiration while larger concentrations absorbed during a long 
period of time are inhibitory to respiration. 
It would seem that the major effect of CIPC is during and 
on the process of mitosis:and that future work should be di­
rected toward investigation of nucleic acid metabolism. 
h2L 
SUMMARY 
The physiological action of isopropyl M-(3-chlorophenyl)-
carbamate (CIPC) as;measured by root elongation, respiration, 
and phosphatase activity of several species of plants was in­
vestigated. 
1. CIPC is considered to be primarily a grass herbicide. 
It has been shown that it exhibits selectivity even among the 
grasses. Ryegrass and oats were particularly sensitive while 
corn was; somewhat tolerant of the herbicide. Cucumber is very 
susceptible to CIPC but soybeans are rather resistant. 
2. The Q10 of the reduction of root elongation was 1.18 
for alfalfa and approximately 1.0 for ladino clover, indi­
cating that temperature did not influence the activity of 
CIPC. 
3;. It appears that CIPC does not Inhibit germination of 
most* species and in some cases even increases the germination. 
4. It has been shown, that even if CIPC does enter the 
foliage of plants it does not have an effect measurable by 
leaf respiration. The possibility that this is due to the 
different pathways of glucose metabolism in roots and leaves 
is discussed. 
5- The root tips of treated seedlings were able to uti­
lize exogenous glucose and sucrose as. well as the checks. The 
possibility that CIPC does not affect early steps of glucose 
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metabolism is considered. 
6. Experiments, with germinating wheat seeds indicated 
that CIPC at low rates may increase respiration while high 
rates decrease it. It. is considered that this.: may be a symp­
tom of specific toxic effects rather than a primary cause of 
death of the plants. 
7. It has been shown that CIPC increases the phosphatase 
activity of roots of several species. All grass species show­
ed significant increases. Alfalfa also showed a significant 
increase but soybeans: did not. 
8. Corn roots showed a significant increase of phospha­
tase activity with treatment but corn embryos and shoots did 
not. 
. 9» The possibility that CIPC affects: the nucleic acid 
metabolism of plants is suggested. 
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